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One of the first observations on iodine metabolism in fishes was that of Marine 
and Lenhart (1910a, 1910) who showed that addition of potassium зое to 
water flowing past brook trout (.Salvelinus fontinalis) could reduce the goitrous 
condition of these fsh. Little additional information, exclusive of a few measure- 
ments on the 10 пе content of the thyroids of fish; was forthcoming until. the 
advent of radioactive 10dine..— ince that. time numerous studies have been. made 
on 1odine metabolism in fishes, with. the. bulk of the work being concentrated. on 
thyroid. phvsiologv. апа biochemistry. (see. reviews ру Pickford. апа tz, 1957 ; 
Berg, Gorbman and Kobavashi, 1959; Leloup and Голае, 1960). 

studies of extra-thvroidal сопе have generally been limited іо deseribing 
tissue other than the thyroid which concentrates iodine. — Using injected. doses of 
I-131, 1t has been established that the ovarv of evelostomes and teleosts, notochord 
of cvclostomes as well as gills and stomach of selachians will concentrate iodide 
(1-131) above the blood level. Maqsood, Reineke and [тот (1961), using 
in vilro incubation, studied. а number of tissues from гаш у trout and found 
that опу the lower jaw (thyroid) concentrated. 1-131 above the level in the in- 
cubation medinm. Few data, however, are available on the actual iodine content 
of nonthvroidal tissues exclusive of the blood. Robertson and Chanev (1953) 
reviewed the literature and have contributed. values on the iodine content of а 
number of tissues of rainbow: trout. 

The level of injected. radioiodine in the vascular. eompartinent. and. 15 rate 
of turnover have been little studied im fish and. concern blood levels апа excretion 
rates. Leloup (1952) found that in mullet (Mugi auratus) the blood level of 
1-131 was 3.2156 of the injected dose (per отап of blood) 8 hours after injection 
and 2.3895 after 72 hours. Xlullet pre-treated with thiourea (1 gram рёг liter 
of aquarium water) for 8 days had a blood level of. 1.685 of the injected. dose 
S hours after injection. Ilickman (1959) reported the half-life of. 1-131 in the 
blood of salt-water flounder. (C7"latichtlivs stellatus) ranged from 75 to 527 hours 
while that of the fresh-water flounder ranged. from 203 to 279 hours. 

Most studies of iodine excretion in fish have been concerned. with determina- 
tion of whole body loss; the findings showed great variation. among different 
lishes. Leloup (1952) showed that mula lose 24.7606 of an injected. dose oí 
carrier-free. 1-131. in. 24. hours and 45.3.4 m 72 hours; conger eels (Comger 
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conger) lost 7% in 24 hours. Chavin (1956) found that goldfish. (Carassius 
auratus) lost 65% of an injected dose in 24 hours, and Leloup and Fontaine 
(1960) indicate that rainbow trout at 20? C. lose 33.54 im 24 hours. It is of 
interest to note that Leloup (1952) [оппа that mullet treated with thiourea ex- 
creted radroiodine at a greater rate than untreated controls and the blood level of 
1-131 remained below that оѓ the controls. 

The only information found on the routes and relative. rates of excretion. of 
iodide in fish 15 that obtained by E. №. Marshall, Jr. and. published by Beiter 
(1933). In this study two aglomerular toadfish, Opsanus tait, were injected with 
Nal and after 23 hours 7465 and 9270 of the injected dose had been excreted 
by the gills while 0.6756 and 1.176 was excreted by the kidney. | Hickman (1959) 
has estimated that more than 806 of the 1-131 injected into salt and fresh-water 
starry flounder is excreted extrarenally. 


IIASDERISIESSUNDAMLETHODS 


Rainbow trout (Salmo gairdueri) weighing. from 75 to. 173 grams, provided 
by the Michigan. Department of Conservation, Wolf Lake Hatchery. were kept 
under constant illumination 1n static tanks of aged, aerated tap water at 12 + 2? C. 
ПИО Теса тош рее стегу ое ауте watermvassclansed сусв 
third day. During experimental periods the fish were not fed. 

Ten trout used in the 24-hour uptake study were injected intraperitoneally 
with carrier-free Na 1-131 made up in distilled water. The injection volume was 
ОТШ апа contaimed 2-26 рс ог ТЕО Pive fish nere alo even im јесиойе ок 
20 mg. of NaSCN. Тһе fish were then placed in separate aquaria containing 36 
liters of aerated. aged, tap water. After 24 hours the fish were anesthetized with 
M 5-222 and samples ої blood, upper gill and lower jaw were obtained. Gill and 
jaw samples were rinsed in fish Ringer's solution, blotted dry and weighed to the 
nearest milligram, using а Roller-Smith balance. АП samples were wet-ashed 
with nitric acid in five-dram plastic. vials апа diluted to а counting. volume. 
Counts were made on lO-ml. aliquots of the aquarium water. Counting stand- 
ards were made up in similar rials using 1,20 of the injected dose. АН samples 
were counted using a two-inch thallium- treated Aal well scintillation detector, 
Model PHA-ICA pulse height analyzer апа Model DS-1A decade scaler used as 
a slave scaler. Counting was done at the 596 level of error or less. 

For blood turnover studies, 15 trout were injected with. 3.87. рс. Na I-131 
per fish, then evenly distributed among three aquaria. each. containing 38 liters of 
aged tap water and equipped with a charcoal filter. Five fish were killed at 24, 
72 and 120 hours and samples of blood aud lower jaw taken. Blood samples 
were centrifuged at 2500 rpm for 20 minutes and plasma samples varying from 
0.4 to 0.7 ml. removed. Plasma proteins were precipitated with 1075 ZnSO4 and 
0.5 N NaOH and washed twice with 10 ml. of glass-distilled water. | Precipi- 
tates, washes, tissue samples and aquaria water were counted as noted above. 

Routes of excretion of 1-131 were studied in two groups of trout. Тһе first 
group contained radioiodide that had been accumulated by. the. fish. during а 24- 
hour exposure to distilled water containing Na I-131. Тһе second group was 
studied 24 hours after receiving au intraperitoneal injection. ої Na. I-131. For 
this experiment the fish were anesthetized with M5-222 and а polvethylene 
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Fiere l1. Distilled or tap water. pumped over the gills ot the experimental fish in the 
chamber, flowed out the sile-arm into the. two columns, each. containing. 10 grams of ion 


exchange resin, IRA 400. The cannula delivered. urine mto а 10-ml. graduate cylinder. To 
secure the animals in position damp cotton was tucked in around. the. tail of the fish. 


cannula  (Intramedic РІ 60) with. а fared. пр was. mserted. into. the. urinary 
bladder. The fish. was imserted. mto. the. urimne-collecting. apparatus. (Fig. 1). 
damp cotton was placed around the posterior ends of the fish to keep them in place 


aid the gills were bathed with tap or distilled water. .;Nt the end of the collection 
period the. fish. меге again anesthetized with M8-222,. blood. samples taken, 
centrifuged. and plasma. drawn ай. Phe radioactivity m the plasma, urine and 


resin samples was measured as noted above. 


RESI LES 


Data ou the 24-hour tissue distribution оѓ intraperitoneally injected Na. 1-131 
iC 1) anmdieate- that. thë gills of. trout «о iot accumulate лы S an 
concentration found. in the blood. In. contrast, the. lower jaw (thyroid) ex- 
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Twenty-four hour uptake of tntraperitoucally injected. 1-131 by rainbow trout 





*( injected dose per gram tissue 





Body weight x and range п — Ж | 
Biaod (оос) Caio К roseus ESSE) 
ool | 
129.7 (89.1-159.1) D 3.10 + 0.51 0.62 + 0.06 11.20 + 1.50 
NaSCN (20 mg./fish) 
147.6. (98.1—172.6) 5 0.64 + 0.16 | 0.20 + 0.07 | 0.31 + 0.07 | 


hibits а definite facility for concentrating тое which 15 inhibited by. thiocvanate. 
In addition to blocking thyroidal uptake of radioiodine, administration of thio- 
cyanate reduced the 1-131 content of both blood and gill tissue. The 1-131 content. 
of the aquarium water 24 hours after injection showed that the rate of loss from 
the thiocvanate-treated fish. was some three times greater than that of control 
ПО controle O7 amd MN Ee treated 60.75 О пе. injected dose). 

Data on the relative. distribution o£. 1-131 in blood plasma following intra. 
peritoneal injection are given in. Table II. Less than 5% of the total radioiodide 
in the blood was found im the proteim-bound fraction. The amount of protein 
bound 1odide decreased along with а decrease in the non-bound :0dide until the 
hfth dav after 1mjection. when it increased slightly, presumably the result. of 
thvroidal production. and or release ої radioactive thvroxine. — TFhyroidal (lower 
Jaw) radioiodine showed a continual rise during the five-day. experimental period. 

X very short biological half-life ої 1.7 days (Fig. 2) indicates а very rapid 
rate of turnover for non-bound 1-131 m trout plasma. Тһе rate of disapppear- 
ance of I-131 from the plasma is a function of tissue exchange (addition and 
Кале село (хема апе ехтагепа у 

The apparatus, as shown m Figure 1, was constructed to facilitate the studv 
of routes and rates of excretion of 1-131 from trout. The urine flow rates 
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Distribution and turnover of I-131 in the blood plasma of rainbow trout 


24 hours | 72 hours 120 hours 
x + SE* | х ESE* | х ЕБЕ 
C6 dose per gm. plasma doxes ОО] | 2.) 9 ENSE | ОСЕ (0235 
е dose non-bound per gm. plasma 1.49 + 0.60 2.33 + 0.41 (0:58 E (QUIM 
^ dose protein-bound per gm. plasma 0.037 + 0.004 0.016 + 0.003 0.026 + 0.003 
^c 1-131 protein-bound 0.83 + 0.05 | 0.70 + 0.11 2.90 + 0.13 
' ( dose per gm. lower Jaw ЕЕ 38 18.94 4.82 ЗО Е 
ower jaw 1-13 | 
Lys 1.82 7.89 36.36 


Blood 1-131 


Un 
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(Table HE) were caleulated. from data obtained. during collection periods. ranging 
irom 75 to 120 minutes, Urine collected. ranged in. voliune from 1.2 10. 1.9. inl. 
The flow. values obtained. аге high compared. to. the. values. for. rambow trout 
viven by Krogh (1939), Holmes (1961) апа Fromm (1963). Despite. this, the 
urine plasma ratios indicate that the trout. kidney is quite. efficient in. reabsorbing 


log dose = 0.8286 + (- 0.1773) x 


T 1/2 = 1.70 days 


4 dose non-bound 113! per gram plasma ppt. 





1 2 3 4 5 


Days After 1131 Injection 


FiGcRE 2. The biological half-life of non-bound 1-131 in the blood plasma of rainbow trout. 


iodide from the glomerular filtrate. The outflux of. 1-131. from Ше gills, meas- 
ured simnltaneously with urinary excretion, indicates that some 3.5. times more 
iodide is excereted by the kidney than by the gills рег опи of (пле, Whether the 
urine, ЇЇ excretion ratio. remains constant ог changes with iodide levels in the 
plasma 15 not known. 
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Ехеғепон of 1-131 by rainbow lroul 





Urine flow | 1-131 urine plasma 1-131 clearance 1-131 urine; gill 
ml. Kg. day | ratio mi lir: excretion ratio 
Group Ї* 
129.6 0.30 0:27 3.92 
2 dog | 0.07 0.06 2.74 
3 160.8 (227 0.17 6.29 
1 20.2 pos | 0.25 3.05 
5 190.0 0.10 0.10 3.01 
Mean 181.0 0.22 0.16 3.92 
Group **9 
1 | 176.4 | 0.08 0.04 1:0 
2 эо | 0.09 0.06 155 
3 1538.06 0.10 0.06 — 
4 192.0 0.07 0.04 2.66 
Mean 168.3 0.08 0.05 2514 





* Group l exposed to I-131 in distilled water. 
** Group [I injected with I-131. 


DISCUSSION 


The etfect ої goitrogens on thyroidal uptake of 1-131 in fishes is similar to that 
observed in mammals. The handling of the I-131 available due to blocking of the 
thyroid is, however, quite different. Bricker and Mad (1955) have shown that 
administered SÜN- causes a marked increase in the plasma todide I-131 levels 
in human hyperthyroid patients and а moderate rise іп euthyroid patients сие 
lar increases in blood 1-131 did not occur in trout treated with thiocyanate (Table 
I) and Leloup (1952) found no increase in blood 1-131 of mullet and conger eels 
treated with thiourea and thionracil, respectively. Ii the 1-131 is not taken up 
by the thyroid and there 15 no Іпсгеаѕе 1) blood 1-131, then the 1-131 must be 
sequestered elsewhere or excreted. 

I-131 levels in the aquariumn water 24 hours after injection. show that SCN- 
treated trout lost three times as much 1-131 as the controls.  Leloup (1952) рге- 
sented data showing that thiourea and thiouracil treatment of mullet апа conger 
eels also increased excretion from two to eight times that of the controls. Bricker 
and Hlad (1955) have shown, however, that in humans SCA does not appreci- 
ably alter the I-131finulin clearance ratios. Ti the fish kidney responds to SCN- 
in a similar manner, then the increased excretion observed must have been extra- 
renal, possibly by way of the gills. Тһе role of the gill in excreung halides 
(chloride) 15 well-established in marine fishes. Hickman. (1959) апа Leloup 
and Fontaine (1960) have shown that 1-13] will accumulate ш the gills at levels 
above that of the blood in both the starry flounder and dogfish (Усуп cani- 
cula). This suggests that the gills тау excrete iodide and this function 15 con- 
sistent with. known chloride metabolism. Certainly the build-up of iodide in 
the gills could reverse the concentration gradient across the gills which world 
permit a passive loss of iodide from the fish to the environment, Воі rm citro 
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and n viwe studies have shown, however, that по тир of. odide ЕЕ 
occurs in the gills of. fresli-water. trout. 

As shown im. ligure 2, the biological е (CU. 15) of non-bound 1-131 in 
the рампа of trout 15 1.7 days. Eliekinan. (1962), found. that the Е 35 (1-131) 
for whole blood was 202.6 апе 279.4 hours for two fresh-water starrv. flounder, 
caleulated. £rom data. obtzined: 30 and. 70 hours after. injection. 

It should. be noted. (Table H1) that almost all 1-131 in the. plasma is im. the 
ionic form even five days post-injection..— ,Mthough the amount. of. protein-bound 
l-1931 15 low, it is rather signilicant. because 1t 15 non-hormonal. / Leloup. and 
l'ontaine. (1960). previously. have. shown that iodide will bind. directly. to. trout 
plasma. proteins. ii citro. 1n the present studv, Бу the fifth. day, however, the 
1-131] in the protein-bound. (PRT) fraction mereases and this increase 15 probably 
Шеше appessauee ого ос thyeoxine. Т m 96] ) imde that 
labeled thvroxine was not detectable m the plasma of hagfish until the. fourth. dav 
after-ueetion. 10 15 apparent irom this amd. other work (Elickman, 1962) that 
great care should be taken m using plasma "Б Б as а parameter of thyroid activity 
nos 

Our dat preseueed amv lable LEE. шейле thit рег mto tue Some эо ие 
more [-13] 15 excreted in the urine than is lost by the gills m fresh-water rain- 
bow root. "ObSsrvations hy ЕШ па (ссе beiter, 1933) mdicated тоге 
was excreted bv the ө than by the kidney im toadfish..— These conflicting results 
are not entirely unexpected since the trout has a glomerular kidney hie that 
of the toadfsh is aglomerular. „Мо the activity of. the. gills im. osmoregulation 
is quite different in the two species. 

Since the. [-131 im the plasma of trout is mostly ionic, the. glomerular filtrate 
should have about the same concentration. оѓ [-131 as the plasma. The urine 
plasma ratios of. 1-131 indicate that the. 1-331 of the glomerular filtrate 15 mostly 
reabsorbed. Dricker and [Had (1955), Giebisch et al. (1956) and Williamson 
et al. (1962) have shown that in mammals, iodide reabsorption. is а passive. dif- 
fusion. process taking place mainly m the proximal tubule. The rainbow. trout 
kidney has а proximal tubule: however. the lack. оѓ correlative measurements 
precludes апу conclusion as to the nature of the reabsorptive. process in. trout. 

Another parameter ol renal fonction. 1-11 clearance was determined 
studies of the clearance of апу substance by the. kidney, the plasma level of that 
substance. should remain reasonably constant. throughout. the. test. period. The 
short test period, and. the. fact that. httle 1-131. was lost from the fish. indicate 
that this coudition was fulfilled im our studies: Our experiments were. designed 
to get information on the maximnal. (diuretic ) and normal values for 1-131 clear- 
ance by the kidney of а fresh-water salinonid..— Diuresis was induced by. exposimg 
trout to distilled. water. thereby. increasing the. osmotic. gradient. across. the. gills. 
lap water was used as a control since ids composition. approxiiates that of 
Michigan trout. waters. Published. values for urine Полу ni ranir trout. range 
irom 00-110 iml. keday: Мойше and МеВеап (1963). have. found. the. GER 
Celoemerular filtration rate] oi rambow trout at 12 89. to ПОО nl So 
thus, some 30-605. of the. glomerilar. filtrate is esereted. рег дау. Values 
for urine. flow obtained in this study. sugeest that. the. trout. were. diuretic. and 
therefore the imneasured. values сап ре considered. to. ре near. maximal. 
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The average iodide clearance for trout exposed to distilled water was three 
times that of trout injected with Na I-131 and then exposed to tap water (Гаре 
IH). Тһе increased clearance may have been due to differences in uptake (the 
distilled water animals had accumulated. 1-131 from distilled water which con- 
tained а small amount of. Na. 1-131, whereas the tap water animals received ап 
intraperitoneal injection of Na 1-131) or more probably due to the greater diuretic 
stress imposed on the fish in distilled water. 

|t is quite apparent that the kidney of fresh-water trout is of major im- 
portance for the excretion of iodide. Кеарѕогрбоп of filtered iodide is relatively 
efficient, as indicated by low urine/plasma ratio; however, the efficiency 15 some- 
what less than that tor chloride. | Fromin. (1963) has obtained a chloride clear- 
апсе value of 6.8 ml./kg./dav for rainbow trout whereas au iodide clearance of 
12.6 ml./kg. day was obtained in the present study. 


The authors wish to express their gratitude to. Dr. E. P. Reineke and Dr. 
W. D. Collings for their helpful suggestions. 


SUM MARY 


1. NaSCN inhibits I-131. uptake by the lower jaw (thyroid) and iucreases 
Шейле or loss ОТЕЛ from tront. фрезалар dod thes. 

2. The biological half-life (T 100) of ionic 1-131 in the blood plasma of trout 
jos уе: 

ИЕТ ссе тешле ала ру 0с оү с пат гоз ете 
3.8 times that of the gill per unit time. 

4. The 1-131 urine/ plasma ratios indicate that the trout. kidney absorbs much 
of the filtered iodide. 
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